Current guidelines recommend that the clinician, radiologist, and pathologist work together to establish a diagnosis of idiopathic interstitial pneumonia. Three clinicians, two radiologists, and two pathologists reviewed 58 consecutive cases of suspected idiopathic interstitial pneumonia. Each participant was provided information in a sequential manner and was asked to record their diagnostic impression and level of confidence at each step. Interobserver agreement improved from the beginning to the end of the review. After the presentation of histopathologic information, radiologists changed their diagnostic impression more often than did clinicians. In general, as more information was provided the confidence level for a given diagnosis improved, and the diagnoses rendered with a high level of confidence were more likely congruent with the final pathologic consensus diagnosis. The final consensus pathologist diagnosis was idiopathic pulmonary fibrosis in 30 cases. Clinicians identified 75% and radiologists identified 48% of these cases before presentation of the histopathologic information. Histopathologic information has the greatest impact on the final diagnosis, especially when the initial clinical/radiographic diagnosis is not idiopathic pulmonary fibrosis. We conclude that dynamic interactions between clinicians, radiologists, and pathologists improve interobserver agreement and diagnostic confidence.
modality alone (16) . In the current study, we hypothesized that an interactive process would improve the interobserver agreement between expert clinicians, radiologists, and pathologists in consecutive patients with suspected idiopathic interstitial pneumonia compared with each group working in diagnostic isolation. This study illustrates that a consensus diagnosis, reached after a careful exchange of clinical, radiographic, and histopathologic information, often differs from the initial diagnosis reached by the individual clinician, radiologist, or pathologist working in isolation. Some of these results have been previously reported in the form of an abstract (17, 18) .
METHODS

Patient Selection
Patients in this study represented consecutive patients referred to the University of Michigan Specialized Center of Research (SCOR) in the Pathobiology of Fibrotic Lung Disease for potential participation in research protocols between January 2002 and August 2002. Patients with suspected idiopathic interstitial pneumonia were referred to the study center by participants in the University of Michigan Fibrotic Lung Disease Network (see acknowledgment). Through the course of evaluation all patients underwent a history, physical examination, complete pulmonary function testing, HRCT, and surgical lung biopsy. Patients without an HRCT scan or a surgical lung biopsy were excluded. Patients with known collagen vascular disease at the time of presentation were excluded. Patients without collagen vascular disease at initial presentation, but that developed a discrete collagen vascular disease during the course of follow-up, were included.
Data Collection
A standard form was used to collect clinical information including symptoms, environmental exposures, comorbid illnesses, medication use, smoking history, family history, physical examination findings, and serologic data. Pulmonary function data (spirometry, lung volumes, and diffusion capacity for carbon monoxide) and HRCT within 6 months of surgical lung biopsy were reviewed.
Pathology Interpretation
Two expert pulmonary pathologists (T.C. and W.T.) individually reviewed each patient's surgical lung biopsy without clinical or HRCT information. The slides from each patient's surgical lung biopsy were independently reviewed by the two pathologists before the study meeting. At the study meeting, during Steps 1-3 (see below) the pathologists were physically separated from the clinicians and radiologists and resolved individual differences in histopathologic opinion through joint review and a consensus histopathologic diagnosis was reached.
Study Organizational Scheme
The overall study format was designed to evaluate whether the addition of specific clinical, radiographic, and pathologic information impacted the diagnostic impression of each participant. Participants met at the University of Michigan and were given information in a stepwise fashion as outlined below and in Figure 1 . Participants could change diagnostic impression and/or level of confidence at each step of the review process. Schematic representation of the information presented to each of the participants at each step of the study. HRCT ϭ high-resolution computed tomography; IPF ϭ idiopathic pulmonary fibrosis; SLB ϭ surgical lung biopsy. Individuals made their diagnostic decisions without conferring in Steps 1 and 2 and individually after conferring in Steps 3-5.
TABLE 1. DIAGNOSIS OF EACH PARTICIPANT THROUGH EACH STEP OF THE STUDY
Step 1  IPF  28  17  24  15  15  NA  NSIP  20  32  19  27  27  NA  RBILD/DIP  7  1  2  1  2  N A  Hypersensitivity pneumonitis  3  4  6  11  13  NA  Bronchiolar disease  0  1  0  0  0  N A  Other  0  3  7  4  1  N A  Step 2  IPF  28  19  24  15  15  NA  NSIP  21  26  19  25  25  NA  RBILD/DIP  4  3  5  2  3  N A  Hypersensitivity pneumonitis  4  4  5  13  12  NA  Bronchiolar disease  1  1  1  0  0  N A  Other  0  5  4  3  3  N A  Step 3  IPF  24  23  24  15  16  NA  NSIP  24  21  21  24  24  NA  RBILD/DIP  4  4  3  3  3  N A  Hypersensitivity pneumonitis  5  4  5  13  12  NA  Bronchiolar disease  1  1  1  1  0  N A  Other  0  5  4  2  3  N A  Step 4  IPF  32  29  29  32  30  30  NSIP  15  16  12  12  15  15  RBILD/DIP  3  5  3  1  2  1  Hypersensitivity pneumonitis  3  3  4  3  3  1  Bronchiolar disease  1  1  3  4  4  6  Other  4  4  7  6  4  5  Step 5  IPF  31  29  30  30  30  30  NSIP  15  19  14  14  15  15  RBILD/DIP  4  4  2  1  2  3  Hypersensitivity pneumonitis  3  3  4  3  3  1  Bronchiolar disease  1  0  3  5  4  4  Other  4  3  5  5  4  5 Definition of abbreviations: IPF ϭ idiopathic pulmonary fibrosis; NA ϭ not applicable; NSIP ϭ nonspecific interstitial pneumonia; RBILD/DIP ϭ respiratory bronchiolitis interstitial lung disease/desquamative interstitial pneumonia.
Step 1: Expert clinicians (J.L., T.K., and G.R.) and radiologists (E.K. and B.G.) independently reviewed HRCTs without clinical or pathologic information. Each participant was asked independently to provide their opinion as to the most likely diagnosis and a confidence level for that diagnosis (1 ϭ definite, 2 ϭ probable, 3 ϭ possible, 4 ϭ definitely not). Acknowledging the prognostic importance of usual interstitial pneumonia (UIP), participants were asked to record their confidence that the case could represent UIP.
Step 2: Clinicians and radiologists reviewed HRCTs with a standardized presentation of clinical information and recorded their diagnostic impression and confidence as in Step 1; no discussion occurred between the participants.
Step 3: Clinicians and radiologists discussed diagnostic impressions and again recorded their individual diagnosis and confidence level.
Step * Other diagnoses were as follows: diffuse alveolar damage (n ϭ 2), cellular interstitial pneumonia with granulomas and possible atypical mycobacterial disease, poor biopsy specimen, and pulmonary veno-occlusive disease.
Step 5: Participants discussed their own interpretation of each case.
When disagreement was present an attempt was made to reach a consensus diagnosis. A consensus clinical, radiologic, and pathologic diagnosis could not be reached in all cases and therefore all participants again recorded their individual diagnoses and confidence levels.
Statistical Analysis
Each observer's diagnosis was coded into one of six categoriesidiopathic pulmonary fibrosis (IPF), nonspecific interstitial pneumonia (NSIP), respiratory bronchiolitis interstitial lung disease/desquamative interstitial pneumonia (RBILD/DIP), hypersensitivity pneumonitis, bronchiolar disease, and other. McNemar tests were subsequently used to test whether two probabilities of agreement conducted during different steps or by different raters were equal. A statistic allowing for multiple raters was also used to assess agreement in diagnosis. Scores are rated as almost perfect agreement (above 0.8), substantial agreement (scores between 0.6 and 0.8), moderate agreement (scores between 0.4 and 0.6), fair agreement (scores between 0.2 and 0.4), slight agreement (scores between 0.0 and 0.2), and poor agreement (scores below 0.0) (19) . An estimating equation approach to the analysis of correlated statistics was used in comparisons of statistics estimated throughout the study and in producing confidence intervals for the statistics (20) . A 2 or Fisher exact test was used to examine the relationship between the confidence of each participant for their diagnosis and the final pathologist consensus diagnosis. A recorded confidence level of 1 was considered high in confidence and a confidence level of 2, 3, or 4 was considered low in confidence.
RESULTS
Fifty-eight patients were evaluated. The for the two pathologists without clinical or radiologic information (pathology review before Step 1) was 0.72 (95% confidence interval, 0.57 to 0.86) with a probability of agreement of 0.81 (95% confidence interval, 0.71 to 0.91). IPF and NSIP were the most common diagnoses (Tables 1 and 2 ). In general, agreement among clinicians and between clinicians and radiologists improved when more data (clinical, radiographic, and pathologic) were provided (Table 3) . Importantly, when pathology results were provided to the group, the radiologists were more likely to alter their interpretation than were the clinicians, as enumerated by the decrease in intraobserver coefficient between Steps 3 and 4 ( Table 4) . The agreement level of clinicians and radiologists with the pathologist consensus diagnosis tended to increase as additional information was provided (Table 5) . Importantly, a diagnosis of IPF by each clinician or each radiologist following the review of clinical and radiographic data (before pathologic data) coincided with the pathologic diagnosis in all but two cases. For one case two clinicians and both radiologists changed their diagnosis to NSIP; in a separate case one clinician changed to a diagnosis of desquamative interstitial pneumonia. Furthermore, clinicians correctly diagnosed more cases of IPF that were subsequently pathologically confirmed as IPF compared with radiologists at this step (Step 3) of the study. After pathologic impressions were provided to the group, the radiologists changed their interpretations to a greater extent. This is suggested by the marked improvement in interobserver agreement between radiologists and pathologists (Table 5 ) and the lower radiologist intraobserver agreement level (Table 4 ). The radiologists most often changed their diagnosis of NSIP to IPF and changed diagnoses of hypersensitivity pneumonitis and RBILD/DIP to NSIP (data not shown). The pathologists changed their initial consensus impressions (n ϭ 11) less often than the clinicians (n ϭ 27, 17, 15) or radiologists (n ϭ 34, 28). These data reflect the change in diagnosis for the pathologists between their initial consensus review before obtaining clinical and radiographic information; for clinicians and radiologists the change reflects a change from each individual's diagnosis after a clinical and radiologic discussion (Step 3) but before histopathologic discussion (Step 5). When the pathologists changed their initial consensus impressions, their final diagnoses are listed in Table 6 . It is notable that in three cases a histologic diagnosis of UIP was thought not to represent IPF after review of clinical and HRCT data. We were not able to identify unique clinical or radiographic features that could reliably predict non-IPF idiopathic interstitial pneumonia diagnoses without a surgical lung biopsy.
Clinicians tended to be more confident than radiologists in the early steps of the evaluation process, although the number of confident diagnoses increased for all observers as more information was provided (Table 7) . A statistically significant relationship between confidence in diagnosis and final diagnosis was more often seen with clinicians compared with radiologists, particularly in the early compared with late stages of the evaluation process. An increase in confidence was noted with the addition of pathologic data for both clinicians and radiologists.
Total agreement (3 clinicians, 2 radiologists, and 2 pathologists) on a final diagnosis was reached in 47 (81%) of the cases (IPF, n ϭ 28; NSIP, n ϭ 13; RBILD, n ϭ 1; hypersensitivity pneumonitis, n ϭ 1; other, n ϭ 4). In 6 (10%) cases all but one rater was in agreement (IPF, n ϭ 2; NSIP, n ϭ 2; hypersensitivity pneumonitis, n ϭ 2). In four cases all but two raters were in agreement (RBILD, n ϭ 1; bronchiolar, n ϭ 3). In one case the raters were equally divided between RBILD versus a bronchiolar disorder.
DISCUSSION
Assigning a diagnosis to a patient with interstitial lung disease is difficult and at times imprecise. In clinical practice, pulmonary physicians, radiologists, and pathologists are separated by time, geographic location, and different schedules. This challenges the pulmonary physician confronted with the actual patient in the clinic to individually integrate and analyze the gathered clinical, radiographic, and pathologic data and make decisions about a given patient rather than discussing the data with the radiologist and/or pathologist in a collective manner. In an attempt to improve diagnostic accuracy the ATS/ERS consensus statement recommended a dynamic integrated approach to the diagnosis of interstitial lung diseases that involves an interaction between clinicians, radiologists, and pathologists to achieve a final clinical, radiologic, and pathologic diagnosis (14) . In this study we examined whether such a dynamic interactive process impacted the perceived diagnosis, and confidence level for that diagnosis, for a group of consecutive patients with suspected idiopathic interstitial pneumonia. We demonstrate that: 1. The level of agreement between observers and diagnostic confidence improves as more data (clinical, radiographic, and pathologic) are provided. 2. Patients may not require surgical lung biopsy when the clinical and radiographic (HRCT) impression is consistent with a confident diagnosis of IPF. 3. For non-IPF idiopathic interstitial pneumonias, a surgical lung biopsy may be required as a final consensus diagnosis is most influenced by the histopathologic pattern in this setting.
This study quantifies how a dynamic exchange of clinical, radiographic, and pathologic information changes the diagnostic impression of expert physicians when assigning a diagnosis of idiopathic The consensus diagnosis of the pathologists without clinical or radiographic information (Table 2 ) was used for Steps 1-3. The consensus diagnosis of the pathologists after hearing the clinical/radiographic information and after a final group discussion (Table 1) was used for Steps 4 and 5, respectively. interstitial pneumonia. Exchanges of information lead to both changes in diagnosis and improved confidence with the assigned diagnosis. The effect of interaction between physicians seems most critical for non-IPF idiopathic interstitial pneumonia cases. After review of the clinical, radiographic, and pathologic information the pathologists thought that IPF was the diagnosis in 30 cases. Of these 30 cases, the two radiologists and three clinicians each identified 14, 15, 22, 23, and 23 (respectively) after the review of clinical/radiographic information before obtaining histopathologic information. Importantly, in almost half of the overall cases the histopathologic findings were critical in determining the final diagnosis from each participant. The discussion and exchange of clinical, radiographic, and histopathologic information also tended to improve each participant's confidence in their diagnosis. This is important as diagnoses at any stage rendered with a high level of confidence tended to correspond with the final consensus diagnosis. This suggests that when a physician expresses uncertainty about an idiopathic interstitial pneumonia diagnosis, extra effort should be made to seek additional information and/or opinions with the hope of achieving greater confidence in their diagnostic impression. Furthermore, these data strongly support the role of surgical lung biopsy in patients with a non-IPF HRCT and clinical scenario (1, 14) .
A unique feature of this study is the lack of the arbitrary assignment of a gold standard for the final diagnosis. By allowing all participants the opportunity to change their initial diagnostic interpretations we monitored how diagnoses changed with more information and the level of agreement at each stage in the evaluation process. Our data demonstrate that a change in the final clinical-radiographic-pathologic diagnosis is particularly likely to occur in patients with a clinical and radiographic scenario suggestive of non-IPF idiopathic interstitial pneumonia. Importantly, providing the clinical and radiographic information to pathologists led to an alternative or clarified pathologic opinion in 19% of the cases. These findings extend previous work that evaluated agreement between clinicians, radiologists, and pathologists (5, 10, 16, 21-24). Definition of abbreviations: CVID ϭ common variable immunodeficiency; ILD ϭ interstitial lung disease; IPF ϭ idiopathic pulmonary fibrosis; NSIP ϭ nonspecific interstitial pneumonia; RBILD ϭ respiratory bronchiolitis interstitial lung disease; UIP ϭ usual interstitial pneumonia.
* These cases were associated with rheumatoid arthritis.
The level of agreement between participants was good at onset and improved with discussion of additional clinical and histopathologic information. The highest initial agreement was between radiologists. Radiologists were also less likely than clinicians to believe that the clinical scenario was characteristic of IPF and were more likely, compared with clinicians, to change their diagnosis on the basis of histopathologic findings. Previous work demonstrated the limited sensitivity (16, 24, 25) yet high positive predictive value (10, 12, 16, 26) of HRCT for detecting IPF. Our data highlight the value of clinicians reviewing the actual HRCT with a radiologist versus relying on reported findings. The greatest improvement for the clinician's interobserver agreement occurred after the discussion of clinical and radiographic features with radiologists.
The ATS/ERS consensus panel on idiopathic pulmonary fibrosis states that in the absence of a surgical lung biopsy, the diagnosis of IPF/UIP remains uncertain. However, the panel proposed diagnostic criteria that could be used by clinicians to increase the likelihood of a correct clinical diagnosis of IPF (Table 8 ). In the immunocompetent adult, the presence of all of the major diagnostic criteria along with at least three of the four minor criteria was recommended. These criteria were not prospectively tested. However, the clinicians involved in the present study were coauthors of the Statement and followed these principles in defining cases of idiopathic interstitial pneumonia. This may account for some of the differences seen between the clinicians and radiologists involved in this study.
A limitation of our study is the use of participants with significant expertise in the field of interstitial lung disease. Some investigators have suggested that expert radiologists exhibit improved interobserver agreement compared with radiologists with lesser expertise (27) (28) (29) (30) . No similar data have examined this topic in the evaluation of suspected idiopathic interstitial pneumonia by less experienced clinicians. Additional data are required to assess the role of a dynamic, interactive diagnostic process in the hands of less experienced clinicians, radiologists, and pathologists. These data also do not address how individual personalities may have impacted the degree of agreement (or disagreement) at various steps throughout the experiment. The participants in this study are recognized, senior experts and are accustomed to rendering an "expert opinion." As such, other physicians may render diagnostic opinions that are more (or less) malleable compared with this study group.
In summary, our data quantify the essence of a dynamic clinical, radiographic, and pathologic approach to the diagnosis of patients with suspected idiopathic interstitial pneumonia. We believe that at a minimum the evaluation of patients with idiopathic interstitial pneumonia should include an interaction between the clinician and thoracic radiologist. If this initial step results in a confident diagnosis of IPF a surgical lung biopsy is not required. In all other cases a surgical lung biopsy is likely to impact the final diagnosis and should be performed if possible. If a surgical lung biopsy is available, the pathologist should be involved in the diagnostic analytic discussion. It appears the current gold standard for the diagnosis of idiopathic interstitial pneumonia is a dynamic integrated process that requires direct interaction between clinicians and radiologists as well as pathologists when a surgical lung biopsy is available. Further research to clarify this process, examine its effect in the hands of less experienced physicians, and evaluate the implications in terms of response to therapy and prognosis is required.
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